Electroencephalography (EEG) is a non-invasive examination method for the assessment of functional central nervous system (CNS) disturbances. In human medicine it has a special importance as a diagnostic tool for epilepsy. Although many studies were done on the use of EEG for diagnostics of canine central nervous system disorders, the technique is still not applied routinely. The purpose of this paper was to review the use of the electroencephalography in canine neurological disorders of central nervous system diagnosis and assess the future perspectives of this technique in veterinary medicine.
Introduction
Electroencephalography (EEG) is a useful and noninvasive examination method for the diagnosis of functional central nervous system (CNS) disturbances, and has a special importance as a routine diagnostic tool for epilepsy in humans (13, 28) . When recording the electrical activity of the cortex, EEG is extremely sensitive to any other electrical activity, including muscle, cardiovascular, and ocular activity of the patient. It is therefore very demanding with respect to a patient's cooperation and patience. This fact causes difficulties regarding its use in animal assessment. Nevertheless, EEG has been used in animal models of human epilepsy and for the differentiation of central nervous system diseases in veterinary medicine (3, 9, 19, 29, 32, 40, 44) .
Although canine epilepsy is the most common neurological disturbance in veterinary medicine (33) , EEG is still not used as a routine examination in assessment of those patients. Different techniques of the EEG examination on both awake and sedated dogs with various anaesthetic agents have been reported (18, 21) . It appears that various sedatives change the EEG appearance, but still there is no uniform standard protocol that could be used for canine central nervous system examination (2, 4, 8, 17, 18, 34) . In most of the latest publications, propofol alone, medetomidine and propofol, or medetomidine alone, with or without muscle relaxants, have been proposed as appropriate for use in canine EEG (Table 1) , (4, 7, 23) .
History of electroencephalography (EEG).
In 1929, German psychiatrist Hans Berger performed the first single channel tracing EEG recording, showing that the electricity of the human brain could be recorded (5) . He reported changes in EEG with processes such as eye opening and closing and active thinking. The recording, originally called the "Berger rhythm", then the α rhythm, is an 8-12/s posterior maximal rhythm that occurs when the subject is in a restful, not asleep state. The multichannel EEG recordings came into play in the 1930s, when an EEG recording associated with epilepsy, including spikes and waves, was described (12) . From the 1930s to the 1970s, the EEG served as a noninvasive study to assist with localisation of cerebral dysfunction. It was always used by most experts in its interpretation as an adjunct to the history and neurological examination. In these times EEG coexisted with invasive CNS tests like angiography and pneumoencephalography, but with the arrival of the CT scan, and later the MRI, the EEG lost its primacy as a test to localise structural abnormalities; however, it still has several important indications (28) . Neural generators of the EEG. Electroencephalograph records spontaneous cortical electric function, registers the activity of the frequency (0.5-90 Hz) and amplitude (1-500 microvolt) that is adequate for cortical activity. The recording mainly comes from three sources: synaptic activity of cortical neurons, changes of action potentials at the glial cells surface, and summarised electrical activity generated by large populations of neurons, mainly from cortical neuronal layers (12, 20, 41) .
Technical requirements. The EEG recording is performed by electrodes which are positioned on the skull surface. There is a variety of electrodes that have been used in dog studies (Table 1) . Standard electrodes for the EEG recording in humans are cup-shaped discs which are glued to the head skin surface. The hair of the examined patient should be shaved. The goal of the electrode placing is to obtain the resistance between the electrode and the skin lower than 1-5 ohms (permissible <10 ohms), in order to receive appropriate recording parameters. Due to the practical reasons, to obtain excellent conductivity (with resistance lower that 5-10 ohms) in most cases, the use of subdermal needle electrodes (SNE): cadmium (38) , platinum (15), Ag-AgCl (27), steel (6) , is recommended. In some exceptions cup-shaped electrodes were used (9), but they are of low practical value. Recently, new promising subdermal wire electrodes (SWE) have been introduced in dog EEG (21) . The specific order of electrode pairs is called a montage (12) . Electrodes are named after the nomenclature used in human electroencephalography as F -frontal, C -central, T -temporal, P -parietal, O -occipital, and numbered with odd numbers on the right side and even on the left side ( Fig. 1 ). Various montages of electrodes on the dog's head were proposed; all were adapted from the human 10-20 montages (Figs 1, 2) . In dogs, monopolar montage is the most often used, comprised of 8-channel single-pole assembly (F3, F4, C3, C4, T3, T4, O1, O2 C3, C3-T3, T3-O1, F4-T4, C4-T4, T4-O2 (Figs 1, 2) . The EEG examination settings can be used as follows: transverse pages 30 mm/s, 70 µV/cm amplitude, 30.0 Hz high-pass filter (HF.), 0.016 Hz low-pass filter (Lf.), and 50.0 Hz notch filter. During the EEG recording all data are stored in an acquisition station which allows later detailed analyses. Activation techniques. Activation procedures are often used in human EEG examination to bring out the higher amount of abnormalities (20) . The routine activation procedures are photic stimulation, hyperventilation, and recording during drowsiness and sleep, or sleep deprivation (42) , eye closure, mental activity or anti-epileptic drug (AED) withdrawal (28) . In canine studies photic stimulation and hyperventilation have been described (6, 45) . Photic stimulation is based on flashing very bright lights close to the patient, usually through closed eyelids. The frequency varies from 1 to 20 flashes/s. Normal response involves either no response or occipital driving to the light flashes. In humans abnormalities during photic stimulation (11) consist of a markedly asymmetric occipital driving response (abnormal on the side lacking the response) or spikes (22) . In dogs this procedure, so far, has not shown a significant increase in pathological response (6) . The light flash is usually indicated by a photic monitor in one of the EEG channels (Fig. 3) . Hyperventilation may emphasise focal slowing or bring out interictal spikes or spike waves in individuals with absence seizures (35) , and can be useful for precipitating partial or non-epileptic seizures as well (1) . A human patient is asked to breathe deeply and rapidly for up to 4 min. In canine patients, hyperventilation was performed by passive ventilation in intubated dogs under general anaesthesia.
This technique applied in dogs still did not significantly promote the amount of superimposed transients (SIT) (6) . In humans, it is also normal to show no EEG change with hyperventilation (1). Sleep and sleep deprivation are not used as activation procedures in veterinary medicine due to ethical reasons. In humans, drowsiness is the time of the most intensive EEG changes observed, but also the most dangerous in terms of producing and misinterpreting normal variant EEG patterns like k-complexes or sleep spindles (12) . As canine EEG is performed in sedation, such activation techniques as volitional eye closure and provocation of mental activity are not possible.
Features of EEG. Electroencephalogram may be evaluated visually or quantitatively, by spectral analysis (quantitative EEG, q-EEG). Two activities are analysed by visual evaluation: background activity (BGA) and SIT (Fig. 4) . BGA is a setting in which a given normal or abnormal pattern appears and from which such pattern is distinguished. SIT is a phenomenon with abrupt onset, rapid attainment of maximum, and sudden termination (28) . Both can be physiological and pathological. Spectral analysis is used to evaluate the relative and direct values. Those objective values are the mathematical presentation of electroencephalogram, upon the doctrine of Fourier transformation. According to human electroencephalography nomenclature, four different EEG rhythms may be distinguished, namely beta, alpha, theta, and delta. Beta activity is a frequency wave higher than 12.1 Hz, and its presence is highly dependent on normal cortical function. It is seen in the EEG of normal people who are awake with eyes open (12, 41) . Alpha activity is a frequency wave between 8.1 and 12 Hz and amplitude of 20-60 µV, which is evident in normal people who are awake with eyes closed, but disappears in drowsiness and sleep. This rhythm is usually observed in the posterior area (12) . Theta rhythm is a frequency wave between 4.1-8.0 Hz that appears in the second, third, and fourth stages of physiological non-rapid eye movement (NREM) sleep, but it can also be observed in different pathological states. Delta wave is characterised by a frequency of 0.5-4.0Hz, and is seen in EEG in the third and fourth stages of NREM sleep (12) . Theta and delta activities were defined as "high voltage low frequency" visible in the EEG pattern for drowsiness and sleep (12) .
The recording analysis is usually performed on a monopolar and/or bipolar montage modality (Fig. 4) . Physiological and pathological transients are marked and recorded on a recording event list (Fig. 4) . Special emphasis should be placed on detection of artefact, including: ocular movements, cardiovascular and muscular activity, physiological rhythmic movements, or recording environmental artefacts. All should be identified and differentiated from the pathological SITs (e.g. muscular artefact from spike activity) by the examining person and properly interpreted. The spectral bands in q-EEG are defined as delta for the frequency values of 0.5 -4.0 Hz, theta for 4.1 -8.0 Hz, alpha for 8.1 -12.0 Hz, and beta for the values between 12.1 and 30.0 Hz.
Current applications of the EEG in dogs.
There is a list of important indications for EEG use in human medicine including: assistance in diagnosis and classification of seizure disorders, confirmation of encephalopathy by diffuse slowing of EEG rhythms, localisation of functional lesions when imaging studies are negative, diagnosis of sleep disorders, confirmation of brain death, prediction of prognosis in comatose patients (7) . The use of EEG enables identification of a few "signature" disorders: herpes simplex encephalitis (PLEDs), Creutzfeld-Jakob disease (periodic frontal waves), hepatic encephalopathy (triphasics), subacute sclerosing panencephalitis (41) .
The most important applications of EEG use in dogs include: detection of the interictal epileptic discharges (IED), EEG monitoring of the status epilepticus, differentiation of epileptic and nonepileptic disorders, diagnosis of metabolic encephalopathies, and corticogram.
Detection of the interictal epileptic discharges (IED) for seizure diagnosis. The terminology of investigated interictal epileptic discharges (IED) used in veterinary medicine is adapted from currently accepted basic terminology of the International Federation of the Society for Electroencephalography and Clinical Neurology (31) . A spike is defined as "transient, clearly distinguished from the BGA, with pointed peak at conventional paper speed and a duration from 20 to under 70 ms; the main component is generally negative. Amplitude is variable". A sharp wave is defined as "a transient wave, clearly distinguished from the BGA, with a pointed peak at conventional paper speed and a duration from 70 to 200 ms; the main component is generally negative relative to the areas" and a spike wavecomplex is defined as "a pattern consisting of a spike followed by slow wave". Polispikes and poli-sharp waves are graphoelement that are combined of multiple spikes and sharp waves (Fig. 5) . The IED detection rate in dogs was variously estimated by different researches, starting from the lowest values of 12.5% (34), 20%-29% (23, 39, 7), 55%-65% (36, 16, 2) , up to 86%-100% (19, 26, 30) . The detection rate seems to be related to the sedation and montage usage.
The use of EEG in monitoring status epilepticus. The use of continuous EEG recording was described in a retrospective study in order to assess 10 dogs with status epilepticus (37) . Animals were treated with diazepam and pentobarbital in order to stop the seizures. In all cases clinical seizures were diminished, but EEG recording still showed spikes and polispikes in all dogs. Those paroxysms were suppressed by increasing the infusion rate of anaesthetics. In this study EEG was found to be useful for monitoring the cortical activity during status epilepticus and significantly influenced the treatment protocol. The continuous EEG (cEEG) is used in humans in intensive care units (14) , but this technique is not routinely used in veterinary medicine.
Differentiation of epileptic and non-epileptic disorders. The EEG examination of 24 dogs with flycatching syndrome (FCS) from three different neurological centres revealed epileptic discharges (ED) of spikes detected in 8/21 (38%) cases. In this group, 36% of the dogs responded to phenobarbital and 100% to fluoxetine, which together with EEG examination results could have suggested that the FCS is not a form of seizure, but another disorder, such as obsessivecompulsive (OCD) (46) . The EEG examination in this report was found to be not specific enough for the differentiation of the two conditions (seizures vs. OCD) in dogs.
The use of EEG in metabolic encephalopathies. In the study on 12 dogs with hepatic encephalopathy (porto-systemic shunt encephalopathy), EEG examination revealed BGA of high voltage, low-frequency (HVLF), with the presence of pathological SITs of bilateral symmetric triphasic waves in 58% of the cases and spread bisynchronous and asynchronous slow waves in 83% (45) . Both SITs seem to be characteristic for the metabolic encephalopathies in humans (25) .
Corticogram, experimental use of EEG in dogs. A study on six dogs was performed with the use of intracranial EEG (iEEG) with 16 channels (10). Out of the total of 11,671 h of EEG recording, only 3.8% were not readable due to interruption in the transmitted signal. A total of 202 detected electrographic seizures were identified and 91.1% were focal. The device platform presented in this study has a great potential to impact epilepsy research, with a canine epilepsy model suitable for humans. However, high invasiveness does not allow using this technique as a standard protocol for dogs as veterinary outpatients.
Polymicrogyria in poodles. In a study describing an anomaly of polymicrogyria in poodles, EEG was performed in one of five dogs. The electroencephalogram showed spike-wave discharges with phase reversal over the central derivations. In this study, dogs were sedated with acepromazine and butorphanol. In humans with this disease, up to 41.5%-55% have normal EEG and the changes found are not disease-specific (43) . In the presented case, the occurrence of IED increased the suspicion that untypical behaviour of circling and lip smacking were likely to be complex partial motor seizures (24) .
In conclusion, EEG examination is part of the routine diagnostic work-up in human medicine. The interest of veterinary scientists in EEG increases, due to the development of large medical data of computed analysis techniques (software), which improve EEG recording analysis and interpretation. The potential use of EEG in canine patients includes precise detection of the cortical functional disturbances, such as pathological interictal epileptiform discharges (IEDs) and its exact cortical (or subcortical) mapping for the possible neurosurgical treatment of seizures in dogs. EEG in canine patients could be also used for epilepsy treatment monitoring in order to select the most optimal anti-epileptic drugs. The technique could also allow differentiation of the non-epileptic and epileptic disorders (head tremors, ticks, various abnormal behavioural disturbances, or involuntary movement differentiation from seizures), that could significantly influence the choice of treatment approach.
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